INTRODUCTION
Liquid metal alloys as fuel in fast nuclear reactors possess several advantages over solid fuels. These include the elimination of fuel slump as a factor in criticality accidents, a large coefficient of thermal expansion, the release of the bulk of the volatile fission products, and the potential for simplified fuel handling and low fabri- 
EQUIPMENT
A sensitive method for detecting extremely small amounts of plutonium on the exterior surfaces of test elements was required to precisely determine the time for plutonium diffusion through capsule walls. Solid-state alpha-particledetectors are well suited for this purpose, but they must be operated at or below room temperature;consequently, they must be situated some distance from the elements being tested. Testing must be conducted in a vacuum so that the alpha particles possess sufficient range to reach the detectors. 
Furnace and Quartz Tube Assembly
The test capsule is heated with a 14-in.-long The time required to build up a sufficient signal to trip the shutdown mechanism is a function of the fuel being tested, the test temperature, and the location of the plutonium penetration. In general, the higher the temperature,the greater the rate of plutonium buildup on the exterior of the capsule.
Also, the rate of alpha-signalincrease is greater .
CHANNELS
. 
RESULTS AND CONCLUSIONS
The following fuel-containersystems have been studied in A.C.T. apparatus:
1. Pu-Fe alloy (10 at. % Fe) in Ta capsules.
2.
Pu in Ta capsules.
3.
Pu-Co-Ce alloys (6,2 and 8 g Pu/cm3) in Ta capsules.
4.
Pu in carburizedTa capsules.
5.
Pu in carburizedTa-SW capsules with carburized high-carbon (230 and 60 ppm) Ta end caps.
6. Pu-Co-Ce alloy (2 Nb-10W capsules. The linear relationshipobtained is strong evidence for a constant mechanism for the appearance of surface contaminationover the temperature range studied and illustrates the validity of extrapolating short-term,high-temperaturetest data for this system to lower temperaturesof interest for reactor operation. The data also imply no observable differencebetween high-purity sodium (c 1 ppm -7 oxygen) and high vacuum (~1 x 10 torr) as an external capsule environment during testing.
Pu-Fe in Ta Capsules
The first fuel system tested in A.C.T. equipment was PU -10 at. % Fe alloy in high-purity (<200 ppm total impurities]tantalum containers that had been anneaLed for 1 hour at 1450"C. These capsules had been prepared by deep drawing; the only welds were the final closure welds in the gas space. This To test the hypothesis that plutonium penetration of tantalum was inhibited by intergranular carbon diffusion from backstreaming pump oil, one capsule containing Pu-Fe fuel was tested at 1000"C in a system with no liquid nitrogen in the cold trap.
This capsule was tested for 660 hours and 3 meltfreeze cycles without exhibiting external plutonium contamination. This capsule was also gold-colored on the external surfaces, presumably due to formation of TaC. The metallographic section (Fig. 8b) shows the normal structure of tantalum.
Four sections were examined through the fuel phase. Typical microstructure of these sections are shown in Fig. 9 . A reaction layer was observed on or adjacent to the tantalum wall in all sections.
The large particles attached to the reaction layer were identifiedby microprobe analysis as pure tantalum surrounded by a thin layer of Ta-Fe alloy, and the fine bright particles in the fuel were identified as a Ta-Fe alloy. Tantalum was not detected in the fuel other than in these particles, but the detectability limit of tantalum in plutonium is estimated to be between 0.1 and 1.0 per cent.
Pu in Ta Capsules
Plutonium is much more corrosive than either Pu-Fe or Pu-Co-Ce fuels and its substitution for these alloys is one way to accelerate corrosion testing. Annealed tantalum capsules were loaded with plutonium and tested at 11OO"C, 1000"C, and 900"C. Five capsules tested at 11OO"C exhibited plutonium penetration in times ranging from 3.41 to 4.6 hours. In each case, the parent material, . . rather than the weld, was contaminated. The three capsules tested at 1000"C were penetrated by plutonium after 8.2 to 10.1 hours. Again, all plutonium penetration was below the liquid level.
Six tantalum capsules were tested at 900"C. . The time required for external carburization using backstreaming oil-vapor is too long for use as a production technique. Therefore, an internal carburization technique was developed consisting of the following steps:
1.
2.
3.
4.
The tube to be carburized is packed with outgassed activated carbon granules.
The tube is heated under vacuum to 1700"C, and held at that temperature for about two minutes to drive off any helium still contained in the carbon (the carbon is cooled under helium after outgassing).
The tube is back-filled with hydrogen and held for five minutes.
The hydrogen is pumped out, and the tube is back-filled with helium and cooled to room temperature.
This procedure produces a duplex carbide layer of TaC and Ta2C approximately3 microns thick, and carbon diffuses into the parent material along the grain boundaries to a depth of approximately0.008 5 in.
Capsules carburizedby the two techniqueswere corrosion tested with plutonium at 900"C, 1000"C, and I1OO"C. When internal pack carburizationwas used, the final closure weld was not carburized, and plutonium penetration occurred through this weld.
Attempts to carburize this weld externally were not always successful. End caps of a Ta-C alloy (230 ppm C) were used to prevent this weld penetration.
These caps are discussed in more detail in the following section.
The following discussion is limited to capsules exhibiting penetration through the parent material and not through the welds. In these cases plutonium was detected on external surfaces below the liquid levels. The three carburized tantalum capsules tested at 11OO"C lasted 11.7, 19.9, and 24.6 hours 
2.
Weld bottom end caps in place.
3.
Load capsules with plutonium.
4.
Make final closure welds.
These capsules were tested to determine if carbur- The average lifetimes of these carburizedTa-5W
capsules with carburized high carbon end caps were 322 hours at 1000"C and 33.8 hours at lIOO"C. These average lifetimes are slightly longer than those of carburized tantalum capsules containing plutonium.
Since no penetration of the carburizedTa-5W walls was observed, it is apparent that carburized Ta-5W has at least as good corrosion resistance to plutonium as does carburized tantalum.
Pu-Co-Ce Alloy (2 Pu/cm3) g in Carburized Wb-10W and Wb-lZr Capsules
The effective fast neutron absorption cross section of tantalum is approximatelyfour times that of niobium. Therefore, it is desirable to use a niobium alloy in place of tantalum as a container material for liquid Pu-Co-Ce fuel. The use of niobium allows the plutonium concentrationin the fuel to be lowered to 1 to 2 g/cm3, instead of 6 to 8 g Pu/cm3 required in a system utilizing tantalum as a container.
Two carburizedNb-10W capsules were tested with Pu-Co-Ce alloy containing 2 g Pu/cm3. The capsules were pack-carburizedat 1550"C for 10 minutes.
The resultingNbC + Nb2C layer was approximately6 microns thick, and carbides were present in the grain boundaries to a depth of approximately0.007 s in.
One capsule was tested at 1000"C for 725 hours without showing external plutonium contamination.
The capsule was withdrawn from test for metallographic studies.
Sectioning and examination showed that the carbide layer was penetrated in many places by the fuel. The maximum depth of plutonium penetration along the niobium grain boundaries was approximately 0.010 in., near the fuel/gas interface.
The depth of plutonium diffusion at other sites was approximately0.002 in. Limited dissolution of the niobium base alloy occurred, and chemical analysis of the fuel revealed that it contained > 2.5 wt % niobium. Another carburizedNb-10W capsule containing 2 g Pu/cm3 Pu-Co-Ce was tested at I1OO"C for 1110 hours and 6 melt-freeze cycles without exhibiting external plutonium contamination.
A carburizedNb-lZr capsule containing 2 g Pu/cm3 Pu-Co-Ce alloy was tested for 873 hours at 11OO"C without indicationsof plutonium penetration.
The fuel was frozen 4 times during this test period.
Since no carburizedNb-10W and Nb-lZr capsule failed during test, no comparisonbetween the two alloys as containers for Pu-Co-Ce fuels can be made.
SUMMARY
Accelerated corrosion test (A.C.T.) equipment has been developed to test containers for liquid plutonium alloys at temperaturesof 9OO"-11OO"C.
Experiments lasting in excess of 1000 hours were routinely carried out in this equipment.
Uncarburized and carburized tantalum capsules have been corrosion tested with Pu, Pu-Fe, and
Pu-Co-Ce alloys, and carburizedNb-10W and Nb-lZr containershave been tested with 2 g Pu/cm3 Pu-Co-Ce alloys. The following conclusionswere reached:
1. Plutonium is more corrosive than Pu-Fe (10 at. % Fe), which in turn is more corrosive than 2.
4.
5.
6.
7.
8.
9.
10.
11.
Pu-Co-Ce alloys. No plutonium contaminationwas detected on the exterior surfaces of tantalum capsules containing Pu-Co-Ce alloys that were tested for times up to 1760 hours at 11OO"C.
Carburization of tantalum greatly improves its corrosion resistance to liquid plutonium alloys.
Liquid plutonium and plutonium alloys can be contained in carburized tantalum containers for several years at 700"C.
High carbon tantalum alloys appear to be satisfactory for end caps. Welds are protected by the precipitation of carbides in the grain boundaries.
Carburized Ta-5W alloy has corrosion resistance comparable to carburized tantalum.
Carburized niobium alloys are promising container materials for Pu-Co-Ce alloys with low plutonium concentrations. 
